Epidemiological and pathological findings of 433 late-term abortions associated with the mare reproductive loss syndrome (MRLS) in central Kentucky were identified by reviewing the records of the University of Kentucky Livestock Diseases Diagnostic Center. The distribution of dates of abortion was clustered during a brief period of time, presumably from a simultaneous environmental exposure. The most common pathological findings were microscopic pulmonary lesions consisting of squamous epithelial cells present in alveoli with or without concurrent infiltration of inflammatory cells (neutrophils, macrophages, or monocytes) in the interstitium or within alveoli. Isolation of a non-␤-hemolytic Streptococcus (52% of fetuses) or an Actinobacillus sp. (19% of fetuses) was common. Placentitis or funisitis was identified in 44% of fetuses. No single pathological finding, however, was pathognomonic for MRLS-associated late-term abortion. This report describes the pathological findings characterizing the MRLS-associated abortion. A cause of MRLS could not be determined from necropsy findings.
During the spring of 2001, an epidemic of abortions occurred in central Kentucky attributed to the mare reproductive loss syndrome (MRLS; information available at http:// www.uky.edu/Agriculture/VetScience/mrls). Many of these abortions occurred in late gestation. To the authors' knowledge, epidemiological and pathological features of these late-term abortions (LTA) associated with MRLS (MRLS-LTA) have not been previously reported. The purpose of this brief report is to describe characteristics of MRLS-LTA or stillbirths associated with MRLS that were evaluated at the University of Kentucky Livestock Diseases Diagnostic Center (UKLDDC), Lexington, Kentucky, during 2001.
Records of the UKLDDC were reviewed to identify aborted equine fetuses and stillborn foals that were submitted between January 1, 2001 and July 1, 2001 . Initially, records were reviewed by 1 of the authors and assigned a global assessment score of the fetus being an MRLS-LTA. This assessment was based on a summarized interpretation of the results of anamnesis, gross and microscopic pathological examinations, and microbiological, toxicological, and virological testing. A fetus was considered a probable MRLS-LTA if it met the following criteria: 1) was assigned a global assessment score of being a case of MRLS-LTA, 2) Ͼ269 days of gestational age, and 3) had no other definitive results of microbiological, toxicological, virological, or other testing that identified a likely cause of abortion. A fetus was considered a definite MRLS-LTA if it met the 3 criteria for a probable case and had at least 2 elements of the following list: 1) positive culture of Streptococcus spp. 2) positive culture of Actinobacillus spp. 3) ''red bag'' delivery (i.e., premature placental separation), 4) marked placental thickening or edema, 5) placentitis or funisitis, 6) fibrinous pericardial effusion, 7) colloidal distension of thyroid follicles, and 8) microscopic pulmonary lesions including squamous epithelial cells in alveoli, leukocytic or monocytic-mac- rophagic pulmonary parenchymal infiltration, or absence of any tissue lesions in the fetus. These criteria were developed by the investigators in collaboration with the veterinary pathologists at the UKLDDC. A fetus also was considered as a probable MRLS-LTA if it had 2 elements of the aforementioned list but did not have a global assessment score of being an MRLS-LTA.
Records of all fetuses were reviewed to identify aborted fetuses Ͼ269 days of gestational age or stillbirths and classified as either definite MRLS-LTA, probable MRLS-LTA, or other LTA. Foals that died at age Ն1 day (i.e., were born alive) were excluded. The following factors were recorded for each LTA 1) date of submission, 2) UKLDDC admission number, 3) gestational age, 4) breed, 5) sex, 6) zip code, 7) submitting veterinarian and veterinary clinic, 8) global assessment of MRLS-LTA (yes or no), 9) pathologist, and 10) whether any of the aforementioned specific pathological findings was present (e.g., fibrinous pericardial effusion).
Extracted data for all fetuses and stillbirths were recorded on a study datasheet and entered into a computerized database. Data were summarized in graphs and tables using commercial software. a Comparisons between groups were made using the chi-squared test for categorical variables (e.g., breed or sex) and the Wilcoxon rank sum test for comparison of continuous variables (e.g., age), using the same statistical software. a Four hundred thirty-three MRLS-LTAs were identified. The median date of submission of fetuses was May 6, 2001 (range, from April 12, 2001 to June 5, 2001); 50% of foals were submitted between May 3, 2001 and May 11, 2001. Gestational age was reported for 404 MRLS-LTAs; median age was 327 days (range, from 270 to 370 days). Sex determination was not done for 98 of the MRLS-LTAs; there were approximately equal numbers of males and females (Table 1) . A wide variety of breeds were affected, but most were Thoroughbreds and Standardbreds (Table 1) .
Of the 433 MRLS-LTAs, 6 were not assigned a global assessment of being a case of MRLS-LTA. In 6 instances, another cause was identified in the MRLS-LTAs: a term foal with rib fractures, a 323-day fetus with a ruptured liver and posterior vena cava, 2 fetuses (a 328-day fetus and a fetus described as full term) with concomitant ruptured liver and rib fractures, a 311-day fetus with fractured ribs and skull, and a 314-day fetus with a ruptured liver. These 6 fetuses were considered probable rather than definite cases of MRLS-LTA because they met all criteria for definite MRLS-LTAs except for the presence of these additional pathological findings. Of 433 fetuses, 366 (84.5%) were classified as definite cases of MRLS-LTA and 67 (15.5%) were classified as probable MRLS-LTA. There were no differences between probable and definite MRLS-LTAs with regard to breed, sex, or gestational age.
The most common pathological findings were microscopic pulmonary lesions consisting of squamous epithelial cells present in alveoli, with or without concurrent infiltration of inflammatory cells (neutrophils, macrophages, or monocytes) in the interstitium or within alveoli (Table 2) The next most common result identified was presence of Streptococcus spp. that were characterized as ␣-hemolytic strains. Actinobacillus spp. were isolated from a large number of fetuses.
Placental or amniotic cord abnormalities were common ( Table 2 ). In approximately 40% of cases, no gross or microscopic lesions of the fetus were noted ( Table 2 ). Evidence of colloidal distension of thyroid glands was observed in approximately 14% of MRLS-LTAs ( Table 2) , indicating that this finding was not likely specific for MRLS. The most common combinations of laboratory findings were pulmonary lesions and isolation of a Streptococcus sp. from the fetus (n ϭ 141 fetuses) followed by placentitis or funisitis and isolation of a Streptococcus sp. (n ϭ 120 fetuses), and placentitis or funisitis and pulmonary lesions (n ϭ 114 fetuses). There were 72 fetuses from which Streptococcus sp. was isolated from fetal tissues and which had both pulmonary lesions and placentitis or funisitis. A Streptococcus and an Actinobacillus were isolated concurrently from tissues of 9 fetuses.
The dates of submission for the MRLS-LTAs appeared clustered in time during early May 2001. This finding suggests that exposure to the causal agent(s) occurred during a relatively brief period. It is not possible, however, to exclude the possibility that population dynamics (such as birth rate, number of pregnant mares eligible to foal at a given date, etc.) and the distribution of gestational age at which fetuses were susceptible to exposure might have influenced the distribution of these dates making them appear clustered in time even though exposure to the causal agent(s) occurred over a period of several weeks or months.
A wide variety of breeds were affected; the category of other breed included Arabians and Arabian-crosses, warmblood breeds and warmblood-crosses, ponies, and others. There was no apparent sex predilection among the fetuses. There were no significant differences in pathological findings for the MRLS-LTAs by Thoroughbred or Standardbred breed relative to other breeds.
No single pathological finding characterized MRLS-LTAs.
Only 2 findings were found in more than 50% of MRLS-LTAs 1) pulmonary lesions involving inflammatory infiltration of the parenchyma or alveoli (or both) and squamous epithelial cells in alveoli (56.8%; 246/433) and 2) isolation of a Streptococcus sp. from fetal tissues (52.2%; 226/433). Presence of placentitis or funisitis was observed in 190 MRLS-LTAs (43.9%). None of the aforementioned pathological findings is pathognomonic for any known condition causing abortion, to the authors' knowledge. The Streptococcus sp. isolates were determined to be ␣-hemolytic (non-␤-hemolytic). ␣-Hemolytic streptococcal organisms and Actinobacillus spp. can be recovered from the vagina and uterus of healthy mares (Hinrichs, Cummings, Sertich et al.: 1989, Proceedings Am Assoc Equine Pract 35:11-16). Thus, these organisms may have been contaminants acquired from the mare's reproductive tract during expulsion of the fetus. Although Streptococci can cause abortion in mares, 1,2 ␣-hemolytic streptococcal species are rarely associated with abortion or placentitis in mares. 2, 3 ␣-Hemolytic Streptococci have been associated with abortion in rhesus monkeys attributed to ascending infection of commensal vaginal organisms. 4 Further molecular, biochemical, and microbiological investigations of these organisms seems warranted; however, the organisms may be simply a marker of either ascending infection or secondary, opportunistic infection. Although pathological findings of placental tissues were not characteristic of ascending infection, streptococcal agents were often found in association with placentitis or funisitis. Presence of funisitis, however, could also result from hematogenous-rather than an ascending route of-infection.
Absence of pathological findings in approximately 40% of cases and absence of any characteristic, defining lesion for MRLS-LTA indicate that determining a cause of the condition from pathological testing may not be possible. Experimentally, exposure to crushed Eastern tent caterpillars has been associated with early and late fetal losses in mares (http://www.uky. edu/Agriculture/VetScience/mrls). However, the toxic principle(s) associated with Eastern tent caterpillar-induced fetal losses is unknown. The findings of this study do not provide any clues to the causal factor(s) in Eastern tent caterpillars. Causal factors for MRLS other than Eastern tent caterpillars cannot be excluded at this time. Further epidemiological, toxicological, and microbiological studies will be necessary to try to determine predisposing factors for the condition.
